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T HAS BEEN apparent for a number of

. years that the methods commonly em-

ployed for estimating the quantity of

. asphalt and screenings and to control

the placing of seal coats are not ade-
quate to insure that satisfactory results
will be consistently obtained.

Up to the present time, the accom-
plishment of 2 successful seal coat has
depended upon skill and experience on
the part of the engineer, the avail-
ability of suitable equipment and mate-
rials and above all upon good weather.
However, there has never been an over
supply of engineers experienced in this
particular class of work and as a result
of the rapid expansion in the California
Highway Program, it is increasingly
difficult to find experienced men for
all of the numerous cases where seal
coat construction is involved. The
problem has been recognized for sev-
eral years and the Materials and Re-
search Department has been engaged
in collecting information, making ob-
servations on current practice and as
opportunity has permitted, has studied

, the problem involved in the designing

and placing of seal coats on road sur-
faces.
Pertinent Discussion
In a recent paper entitled “The Use
and Abuse of Seal Coarts,” Mr. C. V.
Kiefer, (1), Member of the Engineer-
ing and Development Committee, Pa-
cific Coast Division of The Asphalt
Institute, presented a pertinent and
timely discussion on the subject of seal
coats. Mr. Kiefer has set forth in very
readable form most of the factors
which have an influence upon the sue-
cess or failure of seal coats.
The purpose of this article is to de-
scribe the problem, to point out some
of the factors involved and to outline
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the first steps of a definite engineering
approach. While complete field data
are lacking to support all of the con-
clusions and inferences drawn, never-
theless, it is believed that a start can be
made and as more information becomes
available, procedures can be adjusted
or modified as found to be necessary.
In any event, the field engineer or
maintenance superintendent should be
furnished with an orderly and logical
procedure in order that the essential
details of seal coat construction can be
handled with greater assurance than is
possible at the present time,

Some of Factors

Before attempting to present a de-
sign method, it will be desirable to
discuss some of the factors affecting
the quality and over-all performance of
seal coats. As in the case of all bitumin-
ous road surfaces, seal coats are made
up of two ingredients; namely a bi-
tuminous binder and stone chips or
screenings. While the ingredients are
relatively commonplace and simple,
nevertheless, there are many variations
in properties of both asphalt and stone
and it is proposed to discuss some of
these variations.

Before we can decide what is impor-
tant and what is relatively unimportant,
it is necessary to recognize the purpose
for which a seal coat is being placed.
The term “seal coat” implies that the
original intent of this type of construc-
tion was to seal the road surface; that is,
to prevent surface water from pene-
trating the pavement or base. However,
all highway engineers will recognize
that a surface treatment of asphalt and
screenings may be applied to a road to
accomplish one or more of several dis-
tinct purposes.
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These may be -

1. To seal the raad  *

entrance of moisture

2. To develop a non-skiu

the existing road =~ ©
ously smooth and "

3. To apply o fresh

which will enfiven an
or weathered surface
prove wear resistance,

4. To reinforce and build

quate pavement .~

5. To provide a -

fic guidance between
tions and traffic lanes,

6. To improve luminosity

night.

The above list indicates
mate order of impartancs
of purpose and it is =33
are commonly foui oi v
reasons for placing such
“seal coat” and therefore,
asphalt binder, the .......1..
and size of screenings .
selected intelligently if % -
a clear conception of the
each particular case.
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_the two layer seals such as
“B-Double” and Class “C-
1"

1

, '+ chart, Fig. I, has been
* i1 arder to classify the factors

involved when selecting the
' quantity of screenings. The
... shown in Fig. I was made
. to indicate the factors which
-~ the quality of screenings,
' -1 should be taken into ac-
' .. deciding upon the size and
variables that will influence the
. required, particularly on a
basis. These three primary
quality, size and quantity were
* because it is evident that each
cred by the engineer
-~ ain adequate set of specifi-
I must also be recognized by
-+ in charge of construction

o secwire a satisfactory job.
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Items on Figure 1

_ up the items on Fig. I in
first consideration must be given
question: What do we mean
we stipulate that the screcnings
- of good quality? Common ex-
« indicates that many types of
" ave durable, properly graded
-+ and with the proper surface
iecisvios, will be sadsfactory for
T.-yire of screenings, and.it

" seein to be important whether
voeannga are in the form of
' rock, screened gravel or
zravel. Good results have been

o

1

- " using any of these three types -

rzgats. However, it is evident
" types of stone are not neces-
used in equal amounts and also
, ~-7=ar= of the seal coat surface
will vary somewhat depending
ilie type of aggrepate.
important that the screenings
ability to retain 2 film of as-
in ihe presence of water. In other
. the asphalt must wet the stone
* sivip off when subjected to rain
' water. Mineral aggregates
which asphalt can be stripped by
v of water are commonly
“hydrophilic,” meaning that the
=-i- has an “affinity” for water.
particles that hold asphalt tena-
even when subjected to water
zalled “hydrophobic,” mean-
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Analysis c
the Choice and Performance of Scroenings
3 Detarled
Primary Secondary Variable factars ramificalions
Dust
: ~Surface coatings ——{Clay
Water
. L Wetting affinities [Hydroph‘oklc
r Particle surface - Hydrophilic
. - Porosity
characteristics
-Roughness
- Hardness Lsmtperulure
- Quality —-Durability —— —— Chemical stability ater
Soluble acids
- Toughness .
efc.
L . . Control of source
Umformnty————[c irol of olant
ontrol of plan
P -r-Skid hazard
. . Surface texture desired —~Noise level
~Maximum size )
desired —E Number of layers Tire wear
Screenings — Amount of reinforcing
- Thickness of Single seal
f-Size i . Double seal
ayer desired
Armor coat
Demarcation of .
Need for distinction
traffic lanes
~ Particle shape
Amount that can be |- Particle size
[retained onroad  —-Wt. per cu. f1,
[ Number of layers
~ Density ond speed
\_Qucmily_-Allowcmce for of.irufﬁc
(Tons) “whip off” Alignment _
Control of traffic
during construction
~Type of spreader
Allowance tor | Mechanical efficiency
Lnonuniformity of spreader
of spread . Experience and skill
FIG. 1 of operators

of adhesion affinities is ordinarily indi-

cated by film strippin

in the laboratory. Certain commercial
additives or anti-stripping agents are
being sold or proposed for use with the

intent of improving

thus permit the use of aggregates that

otherwise would stri

able. So far, these additives have not
proved to be universally successful. A
number of proprietary compounds are
available, but in California practice a
selection is made only after laboratory
tests have indicaged that a certain addi-

tive will improve the
gate in question.

g tests performed

the adhesion and

p and be unsuit-

particular aggre-

Y T
hart Indicating the Relationship or Influence of All Factors That May Affect

Porosity of Stone Particles

The porosity of the stone particles
will have an effect upon the amount of
oil or asphalt that will be taken up and
the surface roughness may also have an
influence. However, the question of
surface coatings is probably the most
serious and the surface films of dust,
clay or moisture on the screenings have
been responsible for a great many fail-
ures in seal coat construction. Like
many other factors, these matters are
relative, and damp aggregate may cause
no trouble when the work is completed
and properly cured or conditioned dur-

ing warm weather. However, the same
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amount of moisture in the stone may
result in failure when the work is car-
ried on during cold weather or when
the humidity is high. The weather con-
dition during the construction period
undoubtedly represents the most im-
portant single factor contributing to
the success or failure of this type of
construction.

The question of durability is prima-
rily a problem for laboratory determi-

. nation and need not be discussed in

detail,
Size of Screenings

Uniformity is achieved by the con-
trol of plant operations and by efficient
operation of the screening facilities.

The second principal factor shown
in Fig. I relates to the selection of the
size of screenirigs. In selecting the size,
the planning engineer must consider
such questions as smoothness of the
surface desired, whether or not con-
sideration is given to the irritating noise
or rumble in cars and the question of
tire wear as well as that of providing

an enduring or permanently non-skid

surface. In order to make an intelligent
selection of screening size, the engineer
must give consideration to the primary
reasons for placing the particular seal
coat, referring to the six distinct pur-
poses listed above in the introduction.
It is evident that the selection of stone
size will depend to a large degree on
the reasons for placing the “seal coat.”

At the present time, the choice of
screenings for a single course construc-
tion on. the state highway system

. generally involves consideration of

only two sizes; namely, the Medium

screenings having a nominal maximum -

size of %” and the Mediwm Fine in
which 90 to 100 percent will pass a
5/16” screen. Finer screenings have
proved troublesome to spread and it is
difficult to prevent “padding,” or a
wavy surface, Coarse screenings of 14
maximum have been found to develop
a noisv uncomfortable surface texture
and they are undoubtedly responsible
for increased tire wear.

Quality of Screenings

The third primary factor is the
question of quantity. In the past, inac-
curacy in estimating the gquantities
have not usually been responsible for

and Public Works
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failures.. The principal errors have re-
sulted in providing an excessive amount
of screenings, which means waste and
needless expense, Work in the labora-
tory of the Divisien of Highways has
followed the lines originally laid down
by Hanson in New Zealand, (2), who
established the fact that regardless of
the amount of screenings placed over
a given application of oil, the final layer
that adheres would be only one stone
in thickness. A series of investigations
carried out in California have tended to
verify the findings of Hanson. Tt has
been found, for example, that 2 maxi-
mum of 18 pounds of screenings per
square yard represented an excellent
coverage on the road using %" x No. 6
screenings. Experiments conducted in
the laboratory indicated that for this
size of screenings, 18 pounds per square
vard represented a layer one stone
thick,

Hanson's Conclusions

Hanson also concluded that for con-
ditions in New Zealand it was necessary
to make an allowance of about 10 per-
cent extra material because methods of
spreading were not 100 percent perfect
and there is a certain amount of loss or
“whip off” that occurs when the new
surface is subjected to traffic. Under
average conditions prevailing during
construction in California, it is probable
that an estimate of 20 percent allow-
ance is justifiable. The proper allow-
ance for “whip off” should be based
upon the type of spreading equipment
and perhaps upon the speed and volume
of traffic.

Studies conducted by one of the
authors, W. R. Lovering (formerly of
headquarters laboratory and now
Materials Engineer in District 1 sta-
tioned at Eureka) established a relation-
ship between the effective maximum
size of screenings and the volume of
the same screenings which would pro-
duce a layer one stone thick. Hanson
established a correlation between the
average least diameter of the stone and
the quantity of screenings required for
coverage. This average least diameter
was determined by caliper measure-
ment which is hardly feasible with the
screening sizes commonly used in Cali-
fornia and an attempt was made to
determine a more practical correlation,

“Effective Maximum

A relationship was -
tween the “effective
and the loose volume
screenings which
layer one stone thick as
sized screenmgs ot
ciable overrun in the
used. The effective
determined as the ' -
ininches which
of the screenings to pass
openings. Better ..
tained berween the “:
and the loose volume
screenings required to |
one stone thick. The
may be defined as v -l
of the mean size of the '
cent, the middle 60 v
smallest 20 percent of +:
determined from a plot
curve. Screenings .

~
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however, indicating that
had not been considered.
most important of the
evaluated are the « foran o
faces of the rock and the
rock particles,

Quantity oi

It is felt however, ithat
effective maximum size
ciently accurate results
present limitations of
methods and equipment,
other factors are kept in
basis of the foregomg, a.
has been prepared asan
ing the quantity of any ~
required. This chart __.
justment for the size of =
an allowance for either 17
“whip off.” A correciion ¢
variations in weight per -
a final convirsicn o the
requlred per station
widths of spread is | -
possible to compute the
lineal feet which would * -
one ton of screenings fu:
widths of splead The
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In order to use the -
minations must be made
of information must be :
a sieve analysis of the -
be obtained and plotted -
semi-log grading chart.
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SEM/ ~LOG CHART FOR GRAD)NG CURVES

Fig 3
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curve, the effective maximum size in
inches is determined by noting the size
in inches on the bottom scale that cor-
responds to the point where the plotted
graph crosses the line representing 90

_ percent passing. Fig. 3.

The grading chart, Fig. 3, gives an
illustration showing a typical curve for
a sample of medium screenings of
nominal size 34’ x No. 6. In this case
the curve crosses the 90 percent line at
a point equivalent to a hypothetical

. screen having (.32 openings. This

represents the effective maximum size
of the screenings. Chart, Fig. 2, lists the
standard specification screenings indi-
cating the range of effective maximum
size. The second item of information
required is the loose weight per cubic
foot of the particular screenings in
question, Having the effective maxi-
mum size and the weight per cubic foot,
the number of pounds of screenings
required to cover one square yard can
be determined from the chart.

and Public Wofks
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SELECTION AND APPLICATION OF
BITUMINOUS BINDER

Any bituminous material, whether
asphalt or tar, that is suitable for stick-
ing rock particles to the road surface
must have certain properties. For seal
coat construction, a bitumen should
have good adhesion to the existing road
surface and to the screenings. It should
develop sufficient cohesive strength to
hold the screenings in place and should
develop this strength rapidly in order
to prevent loss of screenings under
traffic. The bituminous binder should
be able to resist deterioration under
conditions of cutdoor exposure and not
become hard or brittle for a substantial
period of time. In addition, the bitumen
should have the proper fluidity or con-
sistency to permit ready and accurate
application. As the conditions vary be-
tween projects, it is evident that no one
grade of liquid asphalt will satisfy all
of the requirements for every project
_considering the wide variety of condi-

tions of the existing road
of screenings, equipment

climatic conditions '’
countered in California.
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and to some extent” by
The rare of evaporation is
! by the temperature of the
amount and type of volatile
~aig, remperature of the air,
., air movement and by the
of exposed surface.

Temperature Factor

caze of se'll coats, the tempera-
) + is determined b}’ the
Cof the pavement to which

. Is applied. The pavement
will, of course, depend

* upon the recent air tempera-
will be definitely influenced
" . v absorb heat directly as
c ral’l‘l;lijfni fl'()l'l'l t:'lt': Skl Th‘LlS.,
-y true that liquid asphalt
in the summer months when
are Jong and temperatures are
reach the desired consistency
%' period of tme. During
moiiths, with shorter days and
wpovanies this interval can
greatly extended depending
-=il..i conditions. However, it
that hot weather may cause

- vesnings because the asphale
* For example, ROMC Cut-
- heen observed to give good
late summer or early fall but

* satisfactory in hot weather
J "' was too fluid because of
temperature and still did not
rapidly: enough to hold the

T

T

Weather Condition Factor

-, Fig. 4, has been prepared to
factors that bear upon the
- of the grade and type of bi-
- binder and includes the vari-
' *% should influence an esti-
the quantity required. The
"-aics that the prevailing
condition is one factor having
e upoiithe choice of asphalt
ould be expected that
curmg cutback RC-5, will set
... in consistency at a faster
RORC-5.
this latter product contains
=t, the base asphalt con-
_2+ percentage of oily con-
. Thus, it might appear that the
o' be preferable in cold
work. However, the question
it intervends as a base stock
T-5 is 85-100 penetration as-
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phalt and ordinarily could be expected
to reach the brirtle poine due to weath-
cring in a shorter period of time. The
best solution, of course, is to ‘avoid
placing seal coars or any other bitumi-
ous construction under adverse
weather conditions. It has been sug-
gested that a subseitute treatment might
be emploved in the form of a light ap-
plication of open-graded plant mix
placed upon a heavy tack-coat in licu
of the orthodox seal coat when weather
conditions are ligble to be unfavorable.

Traffic Density Factor

Aside from durability reasons, the
density of traffic to be carried is a
factor. With increase in traffic and
average vehicle speed, the problem of
closing a road to'traffic becomes more
difficulr. While it is essential chat craf-
fic be kept off the road until the asphalt
reaches a consistency which will hold
the stone chips:in place, the setting
time required will vary depending
upon the type and grade of asphalt.as
well as the prevailing weather. This
indicates the importance of using a
rapid setting binder when construction
must be carried on in the late fall.

The lower portion of the chart, Fig.
4, lists factors which have an influence
upon the quantities of bituminous bin-
der. These factors are the character of
the screenings, the condition of the
existing road surface, also the degree
and kind of compaction to which the
screenings will be subjected.

Under the heading “Character of
Screenings” is included such things
as particle gradation, particle shape,
particle roughness and porosity. The
gradation or sieve analysis of the
screenings is an index to the amount of
voids which must ultimately be filled
with asphalt. The particle shape, that
1s, whether the stone chips are rela-
tively cubical or flat will also have an
influence on the void space. Particle
roughness and porosity will take up
additional oil compared to normal
screenings. Hanson pointed cut that the
amount of asphalt should range from
0.5 to 0.7 of the voids in the aggregate
as placed and compacted on the road.

Particle Shape Factor

‘While sieve analyses are easily made
and the surface capacity of the stone
due to roughness and porosity can be

evaluated by noting the amount of light
lubricating oil that will be retained by
the screenings when drained under
standard conditions (4), the factor of
particle shape or cubicity is less easy to
evaluate. Hanson (2), recognized the
effect of cubicity in the screenings and
proposed that the least dimension of
individual rocks of a representative
sample should be measured. Hanson
averaged the least dimension of a num-
ber of particles and estimated the .
amount of oil from this average value.
However, Hanson was dealing largely
with coarse stone ranging from % -inch |
to ¥ -inch in size and as stated above
his method of measuring individual
particles by means of calipers does not
seem practicable for the smaller sized
screenings now used in California.

A method having better possibilities
was developed by Egberto F. Tagle (3)
of Argentina, This procedure involved
the use of slotted screens which provide
a particle size analysis based upon least
dimension rather than upon maximum
size of the rock particle. By comparing
this type of grading analysis to the
grading produced by standard screens,
Tagle derived a factor which he desig-
nated the “cubicity factor” and the
quantity of oil recommended in Argen-
tine practice was based upon this fac-
tor. They also consider that “cubical”
shaped particles are most satisfactory.

oil

In the design chart, Fig. 5, the quan-
tity of oil to be applied is based upon
the maxivnon effective size of the
screenings derived from a standard .
sieve analysis rather than upon the cu-
bicity or average least dimension. This
methad has heen selected because it is .
at the present moment more applicable

than are the procedures proposed by
either Tagle or Hanson.

Correction for Porosity

‘The particle roughness and porosity
can be determined by methods de-
scribed in connection with the Centri-
fuge Kerosene Equivalent Test for es-
tablishing the surface factor K. (4).
The design chart, Fig. §, carries an al-
lowance for porosity of the stone in the
third quadrant of the chart. {The fac-
tor K. may be determined by measur-
ing the amount of No. 10 lubricating
oil retained by the screenings after they

California Highways


http://www.fastio.com/

have been soaked in the oil and then
drained under controlled temperature
conditions.)

In considering a correction for po-
rosity using the factor XK., it must be
pointed out that this correction repre-
sents the amount of oil that will ulti-
mately be absorbed by the screenings
and the rate of absorption will depend
upon the consistency of the bituminous
binder which, in turn, is a function of
temperature. As the temperature of an
asphalt film in any sort of road mix or
penetration treatment is controlled en=
tirely by the temperature of the road
surface or the aggregate, it is evident
that absorption may take place very
slowly when the road surface is cold
and as a result the asphalt applied to
compensate for absorbent aggregates
may appear to be excessive and bleed-
ing may develop before the excess is
absorbed. However, at some future
time when the pavement temperature
rises, the oil may be absorbed and if a
sufficient quantity is not applied in the
first instance the absorption may leave
an insufficient amount to hold the
screenings in place. Therefore, it ap-
pears that screenings composed of
highly porous stone will be particu-
larly unsuited for cold weather worlk.
It is not the intent to suggest that the
ultimate amount of asphalt be applied
during cold weather for a seal using
porous aggregate. The inevitable result
would be that sand would be applied to
take up the apparent excess and the sur-
face would dry out sooner or later. It
is probable that the best solution is to

. avoid porous aggregates when possible.

Chart, Fig. 5, includes 2 correction
for the porosity of the old road surface
and it should again be emphasized that
weather conditions and the presence of
moisture may have a definite influence
on the rate at which the oil is absorbed.

Summary of Fuctors

To summarize, it is recognized that
the quantity of screenings required to
cover the road surface will vary de-
pending upon the size of the screenings

- and hence, the dimensions of the stone.

Thus, a greater weight in volume of
screenings will be required to develop
a coverage of %5-inch screenings than
will be required if %-inch size is used.
As the screenings vary in weight per
cubic foot, a correction must be made

and Public Works
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Analysis Chort Indicating the Relationship or Influence of Afl Factors That ~*
the Choice and Performance of Bituminous Binder

(Assuming That the Bituminous Binder Is of Suitable GQuaolity)

Primary

__Weather
conditions
Selection
—of grade
ond type

Density and
- speed of
traffic

Degree of
- traffic
control

Bituminous
binder

—screenings

Condition of
— surface to
be sealed

Estimating
quantity

Degree and
— kind of
compaction

FIG. 4

VYariable foclors

— Character I 7
of :

_ o~ A

oo

in the number of pounds per square
yard or the number of tons per sta-
tioh to compensate for variations in
the volume-weight relationship. The
amount of asphalt required is a function
of the voids existing-in the layer of
screenings applied to the road. The to-
tal application of asphalt is also influ-
enced by the amount necessary to
prime the existing road surface which
means that the existing surface must be
evaluated in order to determine how
much of the application will be taken
up as a prime, Finally, there will be

some variability when
are definitely porous. Th:
uation of these variables
accurate estimate of the -
cation and the total |

required.
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be very satisfactory. Il
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dDPllﬂ:L distributor Could not
" 7 in order to apply the
desired. The quantity of SC-6
" be cut down to the desired
R l,!.'si!!g S‘!(jppiug or siveak-
" - sprays. For this reason, the

T | F—

" s ofien been diluted with
and many projects have been
i= with MC-3, 4 or 5, or with
2, 4 or 5, all of which repre-
-2 of soft asphalt and a kero-

of cutter stock.
" . to avoid loss of screenings
"3 seining Of Kerosene cut-
“:tyvnes have heen preferred in
.~ However, the standard
of rapid curing cutbacks are
iwced from base stock of 85-
:%-- asphalt and in order to
advantage of a softer base as-
- special grade of cutback is
the California Standard Speci-
and designated as RORG-5
of 200-300 penetration as-

1 1.

¢ with a small amount of

Emulsified Asphait

- method for reducing the
. and thus permitting light ap-
to be made with a high de-
umnifvriuity is the use of emulsi-
" A great deal of satisfactory
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seal coat construction has been accom-
plished by the use of emulsions. From
eyidence now available, it does not ap-
pear that it is necessary to make any
distinction in the quantities of asphalt
used whether soft paving grades, cut-
back or emulsion.

Ordinary emulsions of the penetra-
tion or mixing type have a viscosity
ranging from 20 to 100 seconds. Emul-
sions of this type have a tendency to
run off the road on steep grades, espe-
cially on superelevated curves. In order
to avoid this difficulty, special emul-

sions have been developed giving a vis- -

cosity range from 200 to 400 seconds
or even greater. These emulsions have
noticeably less tendency to run off the
road, However, the high viscosity of
emulsions can be achieved in different
ways and in certain cases an increase
in viscosity has been accompanied by a
slower setting which resulted in the loss
of screenings.

It is hoped that the foregoing outline
will help to clarify the problem and
that the charts and method of calcula-
tion will serve to remove some of the
uncerkainties involved in current prac-
tice.

The procedure proposed is not con-
sidered to be complete or final and may

be subject to correction or modification
when more data are available.

ft is desired to acknowledge the help-
ful comments and suggestions of Mr. T. H.
Dennis, Maintenance Engineer; Mr. Nel-
son Bangert and Mr. Clarence Woodin of
Headquarters Maintenance Department,
Mr. G. A. Tilton, Jr., Assistant Construc-
tion Engineer; Mr. C. E. Bovey, Assistant
District Engineer at Stockton, and Mr. C. V.
Kiefer, member of the E & [ Committee,
Pacific Coast Division of the Asphalt In--
stitute.
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